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(54) Robotic system for processing chemical products 

ucts from a preceding unit, to transport the products to 
the work station of its associated unit and to transport 
the products from the associated work station to a posi- 
tion accessible to a robotic device of a succeeding unit. 



(57) A robotic system for processing a plurality of 
products, the system including a plurality of units 
arranged to sequentially receive the products and each 
having a work station for effecting a specific operation 
on the products; and a robotic device associated with 
each unit and operable to sequentially obtain the prod- 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to product 5 
processing systems and, more particularly, to a system 
for processing products in chemical laboratories and the 
like. 

[0002] Automated laboratory systems are used widely 
to reduce the costs of performing multi-step chemical 10 
production and testing procedures. Many such systems 
employ a robotic device to move material, parts, tools or 
specialized devices through variable programmed 
motions for the performance of a variety of tasks. In a 
typical operation, a robot is one module of an operating is 
system and would interact with several other modules, 
which may be called work stations, to achieve the 
processing of chemical samples. For example, pipette 
stations, liquid dispensing stations, diluting stations, 
washing stations and incubation stations are typical sta- 20 
tions. Examples of robotic processing systems are dis- 
closed in U.S. Patents Nos. 4,510,684; 4,578,764; 
4,586,151; 4,835,711; 5,355,439 and 5,363,885. 
[0003] The user of a robotic processing system first 
arranges processing stations in any convenient pattern 
and then instructs a robot in given processing actions. 
Even though programming tasks, once understood by 
an operator, are not intellectually challenging, the task 
of setting up a system to operate efficiently is laborious. 
As the number of stations in a system increased, the 
number of variables to keep in mind to avoid collisions 
and otherwise avoid conflicts in instruction made the 
task laborious even for those skilled in computer pro- 
gramming. In addition, many traditional robotic systems 
such as those used for drug screening operations utilize 
a single robotic device with a number of work stations 
which perform operations requiring various time periods 
and may be repeated several times in a complete proc- 
ess. Consequently, the movement of product samples 
requires complex looping and scheduling for efficient 
operation which typically is attained by maximizing utili- 
zation time of the robotic device. Product throughput of 
such systems is limited, therefore, by available robotic 
device time. 

[0004] The object of this invention is to provide a 
robotic system which significantly increases product 
throughput of chemical processes such as drug screen- 
ing. 

SUMMARY OF THE INVENTION 

[0005] The invention is a robotic system for process- 
ing a plurality of products, the system including a plural- 
ity of units arranged to sequentially receive the products 
and each having a work station for effecting a specific 
operation on the products; and a robotic device associ- 
ated with each unit and operable to sequentially obtain 
the products from a preceding unit, to transport the 



products to the work station of its associated unit and to 
transport the products from the associated work station 
to a position accessible to a robotic device of a succeed- 
ing unit. System throughput can be significantly 
increased by the provision of individual robotic transport 
devices. 

[0006] According to certain features of the invention, 
the units are separable, modular and interchangeable 
units. These features enhance use flexibility of the sys- 
tem. 

[0007] According to another feature of the invention, 
the position is disposed in a uniform geometrically 
located portion of each unit. Unit interchangeability is 
enhanced by the uniformly located receiving positions. 
[0008] According to still another feature of the inven- 
tion, the system is a chemical screening system and the 
products are chemical assays. The system is particu- 
larly efficient when used in chemical screening applica- 
tions. 

[0009] The invention also is a processing system for 
processing a plurality of products, the system including 
a plurality of interchangeable units arranged to sequen- 
tially receive the products and each having a work sta- 
tion for effecting a specific operation on each of the 
products, the operation requiring a given time period; 
and wherein each work station accommodates simulta- 
neously a predetermined number of the products, and 
the given time period and pre-determined number asso- 
ciated with each unit are different than the given time 
periods and predetermined numbers of other said units. 
A transport system transports the products through the 
processing system so as to provide for each product a 
common occupancy time therein. The system provides 
improved products throughput. 
[001 0] The invention also is a system for processing a 
plurality of products, the system including a plurality of 
interchangeable units arranged to receive the products 
and each having a work station for effecting a specific 
operation, and a canopy covering said work station, the 
units being interconnected to form an enclosed cham- 
ber encompassing the work stations and covered by the 
interconnected canopies; an environmental control sys- 
tem for controlling environmental conditions within the 
chamber; and a transport system for transporting the 
products within the chamber and between the work sta- 
tions. The enclosed chamber alleviates problems that 
could be caused by changing environmental conditions 
during certain portions of the process. 

DESCRIPTION OF THE DRAWINGS 

[0011] These and other objects and features of the 
invention will become more apparent upon a perusal of 
the following description taken in conjunction with the 
drawings wherein: 

Fig. 1 is a perspectiv view of a robotic processing 
system according to the invention; 
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Fig. 2 is a schematic top view of the system shown 
in Fig. 1 ; 

Fig. 3 is a perspective view of a source unit of the 
system shown in Figs. 1 and 2; 
Fig. 4 is a perspective view of a transfer mechanism 
of the source unit shown in Fig. 3; 
Figs. 5a-5d are perspective views illustrating opera- 
tion of a robotic device in one of the units of the sys- 
tem shown in Figs. 1 and 2; 
Fig. 6 is a schematic top view of a corner unit used 
in the system shown in Figs. 1 and 2; 
Fig. 7 is a perspective view of a discharge unit of 
the system shown in Figs. 1 and 2; 
Fig. 8 is a schematic view of an isolation unit which 
can be used in the system shown in Figs. 1 and 2; 
Fig. 8a is a cross-sectional view of the isolation unit 
shown in Fig. 8; 

Fig. 9 is a perspective view of another system unit 
embodiment of the invention; and 
Fig. 10 is a schematic view of a washing unit 
embodiment of the system shown in Figs. 1 and 2. 

PF^RIPTION np THE PREFERRFD EMBODI- 
MENTS 



[0012] A robotic system 11 for executing a chemical 
screening process is illustrated in Figs. 1 and 2. The 
system 11 can be used, for example, to perform immu- 
nosassays, cell-based reporter gene assays, homoge- 
neous assays with multiple incubations, and the like. 
Forming the robotic system 1 1 are a plurality of separa- 
ble, portable and interchangeable units 12 arranged to 
sequentially receive assay products of the screening 
process. One interconnected group of the units 12 are 
arranged in a rectilinear array 15 that accommodates 
assay product movement in a first rectilinear path. 
Another group of the units 12 is arranged in a second 
rectilinear array 16 which accommodates assay product 
movement in a direction transverse to that provided by 
the first array 15. Joining the first and second arrays 15, 
16 is a corner unit 12a. Each of the units 12 includes a 
canopy 17 which engages the canopies of adjacent 
units. Together the canopies 17 form an enclosed envi- 
ronmentally controlled chamber 19 in which the chemi- 
cal screening process is performed. A source unit 20 of 
the system 11 is connected to the initial unit 12 of the 
array 15. . 
[001 3] As shown in Fig. 2, the units 12 include, in addi- 
tion to the corner unit 12a, an assay product entry an 
incubator unit 12b, washing units 12c, incubator units 
12d, reagent dispensing units 12e a discharge unit 12f 
and' a reader unit 12g. Each of the units 12b-12g 
includes a conventional work station 18 for effecting a 
specific operation on the assay products being proc- 
essed. For example, the work stations 1 8 of the washing 
units 12c execute a washing operation, the incubator 
units 12d have carousel racks which accommodate 
incubation operations, the dispensing units 12 have 



work stations 18 that effect a reagent dispensing opera- 
tion and the reader unit 12g has a work station 18 that 
chemically analyses the assay product at the conclu- 
sion of the screening process. It will be understood that 
5 the described work stations 18 are merely exemplary 
and that units having work stations for providing other 
process operations can be incorporated into the system 
11. 

[0014] The processing system 1 1 includes a transport 
w system 21 for moving the assay products in a sequential 
manner through the units 12. Included in the transport 
system 21 is a robotic device 23 individually associated 
with each of the units 12b-12g. The robotic devices 23 
associated with each unit 12 functions merely to trans- 
15 port assay products from a preceding unit to a succeed- 
ing unit. As described hereinafter, the transport system 
21 is programmed to provide for each assay product a 
common occupancy time in the processing system 1 1 . 
[0015] The source unit 20 (Fig. 3) is coupled to the 
20 entry unit 12b of the system 1 1 but is isolated from the 
elongated environmental chamber 19 by a side wall 18 
sealed to the canopy 17 of the entry unit 12b. Access to 
the unit 12b is provided by an entry door 24 which can 
be opened and closed by a conventional automatic 
25 actuator 25. Included in the source unit 20 are an assay 
supply section 26. a pipette supply section 27 and a test 
compound supply section 28. As shown in Fig. 3, the 
assay supply station 26 includes a carousel rack 31 
retaining a stack of assay plates 32 and a robotic device 
30 33 for handling thereof. A timer 34 controls operation of 
the robotic device 33. Similarly, the pipette supply sec- 
tion 27 includes a carousel rack 36 retaining stacks of 
holders 37 and a robotic device 38 for handling thereof. 
The test compound supply section 28 includes a carou- 
35 sel rack 41 containing stacks of compound plates 42 
and a robotic device 43 for handling thereof. Straddled 
by the pipette source section 27 and the test compound 
source section 28 is a transfer station 45 shown in 
greater detail in Fig. 4. Structural details of the carousel 
40 racks 31 , 36 and 41 are known and such units are avail- 
able commercially, for example, from Zymark Corpora- 
tion of Hopkinton, Massachusetts. 
[0016] The transfer station 45 includes a turn-table 47 
defining a plurality of annularly distributed pockets 48. 
45 Functionally associated with the turn-table 47 is a liquid 
withdrawal and dispensing mechanism 49. During oper- 
ation of the system 1 1 , the assay plates 32, the pipette 
tip holders 37 and the compound plates 42 are selec- 
tively and sequentially moved into and out of the pock- 
so ets 48 by the robotic devices 38 and 43 in a manner 
described hereinafter. As shown in Fig. 4 each of the 
assay plates 32 defines an array of receptacle wells 51 , 
each retaining an assay substance, each of the holders 
37 retains an identical array of pipette tips 52 and each 
55 of the compound plates 42 retains an identical array of 
receptacle wells 53 each retaining a test compound. 
[001 7] Figs. 5a-5d depict sequential operations of the 
robotic devices 23. As shown in Fig. 5a, each robotic 



3 



EP 0 915 341 A2 



device 23 has a pedestal 55 vertically reciprocable on a 
vertically oriented, rotatable base member 56. Sup- 
ported by the pedestal 55 is a horizontally reciprocable 
handling member 58 having a pair of reciprocable jaws 
59. During operation of the robot 23 at each unit, the 
handling member 58 (Fig. 5b) first obtains from a receiv- 
ing position 62 established by a rotatable turn-table tray 

60 of its associated unit 12c, an assay plate 32 previ- 
ously received from a preceding unit. The robot 23 then 
transports the assay plate 32 to an input-output position 

61 of the associated work station 18, as shown in Fig. 
5c. After a specific process operation is completed at 
the work station 18, the robot 23 transports the assay 
plate 32 from the input-output position 61 to a receiving 
position 62 on the succeeding unit 12e as shown in Fig. 
5d. The tray 60 at each unit 12 can be programmed to 
rotate into a position which provides for a received 
assay plate 32 a desired changed orientation. For 
example, the tray 60 at each unit 12 can rotate a 
received assay plate 180° so as to maintain therefor the 
same orientation in each unit 1 2 of the system 1 1 . Alter- 
natively, re-orientation could be provided by a suitably 
designed robotic device 23. To accommodate selective 
interchange of the units 12 and simplify programming of 
the robotic devices 23. the receiving position 62 of each 
unit 12 is disposed in a uniform geometrically located 
portion thereof. 

[0018] The corner unit 12a of the system 1 1 also has 
a work station 18 and cooperating robotic device 23 as 
shown in Fig.6. In addition, the corner unit 12a includes 
a tray 65 reciprocably and rotationally mounted on a 
base 66. In one position shown by solid lines, the tray 65 
provides for the unit 12a a uniform receiving position 62 
accessible by its robotic device 23. The robotic device 
23 functions as described above to transport an assay 
plate from the position 62 on the tray 65 to the work sta- 
tion 18 and after completion of an operation therein 
returns the plate to the position 62. After return of the 
assay plate, the tray 65 is moved to the uniformly dis- 
posed receiving position 62 of the succeeding unit 12d 
as shown by dashed lines in Fig. 6. Alternatively, the 
corner unit 12 can function merely to direct each assay 
plate 32 from the rectilinear array 15 (Fig. 2) to the 
transverse array 16. 

[001 9] The discharge unit 1 2f which has an incubation 
work station 18 and a robotic device 23 is illustrated in 
Fig. 7. In addition, the unit 12f includes an end wall 71 
joined to its canopy 17 by a sealing flange 72. Defined 
in the end wall 71 is a discharge opening 74 and a door 
75 slidable between open and closed positions. The 
door 75 is opened by a conventional automatic control 
mechanism 70 after completion of an incubation opera- 
tion in the work station 18 to allow the robotic device 23 
to pass an assay plate 32 through the discharge open- 
ing 74 to the uniform position 62 on the reader unit 12g 
(Fig. 2). As also shown in Fig. 7a. each of the units 12b- 
12h has on one side wall a pair of female electrical con- 
nectors 77, 78 for transmission of, respectively, electri- 



cal power and communication signals. The opposite 
side wall of each unit retains compatible male electrical 
connectors 81, 82 that are received by the female con- 
nectors 77, 78 of an adjacent unit. The connectors 77, 
5 78 and 81 , 82 are disposed in uniform locations of each 
unit 12a-12h so as to accommodate irrterchangeability 
thereof and portability is enhanced by supporting rollers 
84. In addition, the base of each unit 12b-12f retains a 
computer 80 and an environmentally controlling electri- 
10 cat heater unit 86 which communicates with the elon- 
gated environmental chamber 19 via air input and 
output openings 87. 88. 

[0020] Illustrated in Figs. 8 and 8a is an isolation unit 
12h which can be selectively inserted into the system 
is 1 1 when desired for certain screening processes. The 
isolation unit 12h includes opposite side walls 91. 92 
that divide the space under its canopy 17 into an open 
volume and a closed compartment 93 isolated from the 
elongated environmental chamber 19. Each of the side 
20 walls 91. 92 defines a pass through opening 95 that 
accommodates transport of assay plates 32 between 
preceding and succeeding units. The openings 95 are 
automatically opened and closed by sliding doors 96 
operated by conventional automatic door actuators 97. 
25 Movement of assay plates 32 through the isolation unit 
12h is provided by a transport mechanism 98 (Fig. 8a) 
which produces reciprocating movement of a rotatable 
tray 99 between an input receiving position 62 (shown in 
dashed lines) to a receiving position (shown in solid 
30 lines) in a succeeding unit (not shown). After selective 
insertion into the system 11. the isolation unit 12h can 
segregate sections of the elongated environmentally 
controlled chamber 19 which require different environ- 
mental conditions, 

35 

OPERATION 



[0021 ] Prior to use of the system 1 1 . the carousel rack 

31 of the assay source section 26 is filled with assay 
40 plates 32, the carousel rack 36 of the pipette source 

section 27 is filled with pipette tip retaining holders 37 
and the carousel rack 41 of the test compound source 
section 28 is filled with compound plates 42. The timer 
34 then is set manually to produce operation of the 
45 robotic device 33 that sequentially moves assay places 

32 from the rack 31 to the receiving position 62 of the 
pipette source section 27 at a predetermined rate of, for 
example, one per minute. In addition, each of the robotic 
devices 23 is programmed to receive at the same pre- 

so determined rate a single assay plate 32 from a preced- 
ing unit 1 2 and to transport a single assay plate 32 to a 
succeeding unit 12. The selected transport rate of the 
individual assay plates therefore determines the 
throughput of the system 11. In the source unit 25, the 

55 robotic device 38 alternately and sequentially moves 
into pockets 48 on the turn-table 47 assay plates from 
its receiving position 62 and pipette tip holders 37 from 
the carousel rack 36. The robotic device 38 also 
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sequentially returns used pipette tip holders 37 from the 
turn-table 47 to vacant positions in the carousel rack 36. 
In addition, the robotic device 43 alternately and 
sequentially transports compound plates 42 from the 
carousel rack 41 to sel ctive pockets 48 on the turn 
table 47 and transports therefrom completed assay 
plates 32 through the open door 24 of the entry unit 12b 
into the receiving position 62 thereof. 
[0022] Upon registration of a tip holder 37 with the liq- 
uid withdrawal and dispensing mechansim 49 (Fig. 4), 
the array of pipette tips 52 is withdrawn therefrom. 
Counter-clockwise rotation of the turn-table 47 then pro- 
duces registration of a compound plate 42 and the 
mechanism utilizes the pipette tips 52 to withdraw the 
content of the wells 53. The next step-wise and counter- 
clockwise rotation of the turn-table 47 produces regis- 
tration of an assay plate 32 and the dispensing mecha- 
nism 49 dispenses the content of the pipette tips 52 into 
the wells 51 . A subsequent counter-clockwise step rota- 
tion of the turn-table 47 moves the completed assay 
plate 32 from a registration position into a position 
accessible to the robotic device 43 which transports the 
completed assay plate 32 to the entry station 12b. 
Simultaneously therewith, the mechanism 49 loads the 
used pipette tips 52 into an empty registered holder 37. 
Such operation of the source unit 20 continues to pro- 
duce entry into the entry unit 12b of an assay plate 32 at 
timed intervals established by the timer 34. 
[0023] During movement of assay plates 32 through 
the system 11, (Fig. 2) each robot 23 moves assay 
plates from preceding to succeeding units 12 at the 
selected rate. The only communication required 
between adjacent units 12 are signals indicating that an 
assay plate 32 is available for transport to a succeeding 
unit or that a position 62 is available to receive an assay 
plate 32 from a preceding unit. To accommodate the 
selected assay plate transfer rate, each of the individual 
units 12b-12f is provided with a work station capacity 
dependent upon the time period required for completion 
of its process operation. Thus, the incubation rack of an 
incubation unit 12d requiring a relatively lengthly incu- 
bation period typically will simultaneously accommo- 
date a number of assay plates greater than the number 
of assay plates simultaneously accommodated by the 
work stations 18 of either a washing unit 12c or a rea- 
gent dispensing unit 12e which require shorter time 
periods for completion of their process operations. The 
desired assay plate capacity can be provided in an indi- 
vidual unit by combining available standard processing 
units of smaller capacity. Because each unit 12b-f is 
provided with an individual robotic device 23 responsi- 
ble only for assay plate movement associated with a sin- 
gle process work station, the system 11 can provide a 
throughput much greater than possible with prior robotic 
processing systems. 

[0024] Illustrated in Fig. 9 is another embodiment unit 
101 for use in the system 1 1 . The unit 101 is identical to 
the units 23 except that it is provided with a discharge 



position 102 accessible to the robotic device 23 of a 
succeeding unit rather than the receiving position 62 of 
the units 12. As in system 1 1 , however, the position 102 
is established by a turn-table disposed in a geometri- 
5 cally located portion of each unit 101 so as to enhance 
therein interchangeability in a complete system. 
[0025] Fig. 1 0 schematically depicts some of the oper- 
ational components of a washing unit 12c of the system 
11. Mounted under the canopy 17 above the station 18 
10 is a conventional washing head 111 which includes a 
fluid pump 112. The washing head 111 functions to 
wash out of the wells 51 of an assay plate 32 (not 
shown) an unwanted portion of their content. Removed 
material and wash water 1 15 together with incidental air 
is from the chamber 1 9 are circulated by the pump 1 1 2 via 
a tube 113 into a catch reservoir 114 disposed in the 
lower portion of the unit 12c. Wash water is circulated to 
the head 1 1 1 from a tank 121 by a pump 122. The envi- 
ronmentally conditioned air removed by the pump 1 1 2 is 
20 withdrawn from the reservoir 114 via a tube 116 by a 
vacuum pump 1 1 7 and returned to the chamber through 
a tube 118. Accordingly, loss in the washing unit 12c of 
environmentally conditioned air is prevented. 
[0026] Obviously, many modifications and variations 
25 of the present invention are possible in light of the above 
teachings. It is to be understood, therefore, that the 
invention can be practiced otherwise than as specifically 
described. 



30 Claims 

1. A robotic processing system for processing a plu- 
rality of products, said system comprising: 
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a plurality of units arranged to sequentially 
receive the products and each comprising a 
work station for effecting a specific operation 
on the products; and 

a robotic device associated with each said unit 
and operable to sequentially obtain said prod- 
ucts from a preceding said unit, to transport 
said products to said work station of its associ- 
ated unit and to transport said products from 
said associated work station to a position 
accessible to a said robotic device of a suc- 
ceeding said unit. 

2. A robotic system according to claim 1 wherein said 
units are modular, interchangeable units. 

3. A robotic system according to claim 2 wherein said 
position is disposed in a uniform geometrically 
located portion of each unit. 

4. A robotic system according to claim 1 wherein each 
said unit comprises electrical connector means 
automatically coupled to said connector means of 
adjacent units in response to interconnection 
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thereof. 

A robotic system according to claim 4 wherein said 
connector means of each unit comprise a pair of 
connectors shaped and arranged for connection 5 
with said connectors of straddling units. 

A robotic system according to claim 5 wherein said 
connectors are disposed in uniform locations of 
each unit. 10 

A robotic system according to claim 1 wherein the 
system is a chemical screening system and the 
products are chemical assays. 

15 

A method for processing products and comprising 
the steps of: 

providing a processing system comprising a 
plurality of units each having a work station for 20 
effecting a specific operation on the products; 
equipping each said unit with an associated 
robotic device; 

interconnecting said units in a predetermined 
serial arrangement including an initial unit, a 25 
plurality of intermediate units and a discharge 
unit; 

causing said robotic device associated with 
said initial unit to transport a product from its 
associated work station to a position accessi- so 
ble to a said robotic device associated with a 
subsequent said intermediate unit; 
causing said robotic device associated with 
each said intermediate unit to receive said 
products from a preceding said unit, to trans- 35 
port said products to said work station associ- 
ated with its said unit and to transport said 
products from said associated work station to a 
position accessible to said robotic device of a 
subsequent unit; 40 
causing said robotic device associated with 
said discharge unit to receive said products 
from a preceding said intermediate unit, to 
transport said products to said work station 
associated with its said discharge unit and to 45 
transport said products to a discharge area; 
and 

effecting in each said work station said opera- 
tion associated therewith. 

50 

9. A processing system for processing a plurality of 
products, said system comprising: 

a plurality of interchangeable units arranged to 
receive the products; and each having a work 55 
station for effecting a specific operation on the 
products and a canopy covering said work sta- 
tion; said units being interconnected to form an 



nclosed chamber encompassing said work 
stations and covered by said interconnected 
canopies; 

an environmental control system for controlling 
environmental conditions within said chamber; 
and 

a transport system for transporting the prod- 
ucts within said chamber and between said 
work stations. 

10. A processing system according to claim 9 wherein 
at least one of said units has a work station for 
effecting a said specific operation comprising 
removal of air from said enclosed chamber, and 
said at least one said unit comprises return means 
for returning to said chamber at least a portion of 
said air removed therefrom, 

11. A method for processing products and comprising 
the steps of: 

providing a plurality of interchangeable units 
each having a work station; 
covering each of said work stations with a can- 
opy; . 
interconnecting said units in a predetermined 
serial arrangement to form an enclosed cham- 
ber encompassing said work stations and cov- 
ered by said canopies; 

controlling environmental conditions in said 
chamber; 

transporting the products between said work 
stations within said chamber; and 
effecting on the products in each work station a 
specific operation. 

12. A processing system for processing a plurality of 
products, said system comprising: 

a plurality of interchangeable units arranged to 
sequentially receive the products and each 
having a work station for effecting a specific 
operation on each of the products, said opera- 
tion requiring a given time period; and wherein 
each said work station accommodates simulta- 
neously a predetermined number of the prod- 
ucts, and said given time period and 
predetermined number associated with each 
said unit are different than said given time peri- 
ods and predetermined number of other said 
units; and 

a transport system for transporting the prod- 
ucts through the processing system so as to 
provide for each product a common occupancy 
time therein. 

A method for processing products and comprising 
the steps of: 
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providing a plurality of interchangeable units, 
each having a work station; 
interconnecting said units in a predetermined 
serial arrangement; 

transporting the products between said units s 
so as to maintain in each said work station a 
predetermined number of products different 
than the predetermined number of products in 
other said work stations; 

effecting on the products in each said work sta- 10 
tion a specific operation, said specific operation 
in each said workstation requiring a given time 
period different than the time periods required 
in other said work stations; and 
controlling said transporting step so as to is 
establish for each product a common occu- 
pancy time in said system. 

20 
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